From Experiments to Knowledge

Reproducibility, Validation and Reuse of Crystal Structure Data
by Ian Bruno T he Cambridge Structural Database (CSD) provides a platform for sharing data generated from X-ray and neutron diffraction experiments. [1] It contains experimental determinations of the 3D structures of over 850 000 small organic and metal-organic compounds. In recent years, the rate of growth of the CSD has shown an upward trend, with over 80 000 datasets deposited in 2016. Collectively, these datasets constitute a rich resource of information about 3D molecular structure. Knowledge derived from the CSD is used by academic and industrial scientists worldwide to help address scientific challenges across a range of domains.
Crystallography as a discipline has established standards and best practices that support the reliable exchange of experimental data. [2] Central to these is the Crystallographic Information File (CIF), [3] which enables the semantic representation of metadata pertaining to the experiment, derived and processed data, and the methods used to determine the structure. [4] Publication of both processed and derived data has been common within the crystallographic community for many years, with conversations now turning to the publication and preservation of raw data. [5] CSD data deposition services aim to make it easy for researchers to comply with recommendations around best practice and policies for publishing crystal structure data. This includes integration with the community-supported checkCIF validation service that assesses the consistency and completeness of the data. [6] checkCIF issues alerts of varying degrees of severity and journal policies often require that severe alerts are addressed or explained prior to publication.
Datasets published in the CSD are uniquely identified by a Digital Object Identifier (DOI) [7] and can be independently cited. CSD deposition services also encourage depositors to supply an ORCID identifier [8] to enable the reliable and unambiguous association of a researcher with their research output. Whilst many structures are associated with a journal article, an increasing number are separately published as CSD Communications. [9] A CSD entry includes a chemical representation of the substance studied by the diffraction experiment. This is vital for enabling the effective discovery and reuse of the data, particularly in domains beyond crystallography. Generating this representation uses a combination of automated processes and validation by expert scientists. Automated processes generate diagnostic information indicating probable points of error and a reliability score that helps prioritize manual validation activities. [10] The combination of chemistry and crystallography in the CSD provides a foundation for software solutions that enable knowledge about molecular shape and interactions to be applied to the design of new molecules and materials in areas such as drug discovery [11] and solid form optimization. [12] A reliable chemical representation makes it possible to generate standard InChIs [13] that can be used to establish interoperability between the CSD and other chemical and biological resources. Links have thus far been established between ChemSpider, [14] PubChem, [15] and the Protein Data Bank. [16] The CSD is part of a wider ecosystem comprising the technical and social components needed to make crystal structure data available in support of published research and for reuse in the pursuit of new discoveries. Achieving this requires the commitment of researchers, publishers, and repositories alike and is greatly aided by community-based standards and recommendations. The experiences of the crystallographic community demonstrate what is required to provide joined-up systems that support the stewardship of data from instrument through publication and subsequent application across domains. The challenges encountered and lessons learnt in the field of crystallography are potentially applicable to initiatives aimed at achieving similar ends for other types of data relevant to chemistry. In manufacturing, use of Big Data is helping companies to improve productivity and efficiency. In Supply Chain Management, cost optimization is being done through data analysis of freight, raw material prices, procurement schedules, and storage costs, etc. Big data with advanced analytical software is providing Marketing departments insight into product trends, demand, future customer requirements, and so on. Another important area in which Big Data usage is changing industry is in pricing. Pricing decisions depends on a multitude of variable factors, such as the cost of raw materials, exchange rates, utility costs, competitors' prices, market demand, etc. Big Data Analytics has started playing an important role in these decisions, as well as in demand forecasting, which can have a major impact on the success of businesses.
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Big data is helping innovation management by allowing the analysis of the vast data available on chemicals and their properties, including biological activities. In Human Resource Management, the analysis of data helps to identify parameters impacting job satisfaction, employee retention, and many other issues.
There are more than 15 software companies in India who have specialized in Big Data Analytics. In the Indian chemical industry, it is now felt that one must invest in Big Data and Analytics, which will bring immense benefit to the organization.
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